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Objectives. This study assessed the function of the left atrial
appendage in the pericardloversion period to gain insights into
mechanisms invIved in thromboembolism after cardioversion of
atrial fibrillation .
Background. Systemic embolization associated with electrical
cardioversion of atrial fibrillation is thought to originate from the
left atrium or left atria) appendage, or both . However, the
mechanism involved is poorly understood.
Methods. We studied left atriall appendage function with
transesophageal echocardiography in 20 patients with atrial fibril-
lation before and after successful electrical cardioversion . We
measured left atria[ appendage emptying and filling velocities by
pulsed wave Doppler echocardiography, characterized Doppler
emptying patterns, measured atrial appendage areas and assessed
the presence or absence of spontaneous echo contrast or throm-
bus.
Results. Organized left atria] appendage function returned in
16 (80%) of 20 patients immediately after cardioversion . Atria]
appendage emptying velocities before cardioversion were greater
in patients without (0.39 ± 0 .02 m/s) than in those with (0 .25 ±
Historically, the function and significance of the left atrial
appendage has been unclear in part because of the difficulty
in assessing the appendage . Pollick and Taylor (1) recently
utilized transesophageal echocardiography to characterize
the pattern of emptying of the left atrial appendage in sinus
rhythm and atrial fibrillation . However, the effect of electri-
cal cardioversion on left atrial appendage mechanical func-
tion has not been described .
Electrical cardioversion of atrial fibrillation is associated
with a 0.6% to 5.6% risk of systemic embolism (2-7). The
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0.12 mis) spontaneous echo contrast (p = 0 .045) . Furthermore,
emptying velocities before cardioversion were significantly greater
than late dio0olic emptying velocities after cardloveirsion (0 .31 ±
0.15 vs . 0 .14 ± 0 .12 m/s, p 0. 1), as well as in both the group
with (0.25 ± 0.12 vs. 0 .13 0.13 ink, p = 0 .001) and the group
without (0.39 ± 0.02 vs . 0 .15 ± 0.12 ails, p = 0 .01) spontaneous
echo contrast . In addition, left atrial and atrial appendage spon-
taneous echo contrast developed in 4 of 20 patients and increased
in intensity in 3 of 20 patients in the immediate posteardioversion
period .
Conclusions . Organized left atrial appendage function returns
in most patients immediately after cardioversion of atrial fibrilla-
tion . However, its function is impaired compared with that before
cardioversion . Furthermore, spontaneous echo contrast increased
in 7 (35%) of 20 patients after cardiover0on . These observations
suggest that stunned left atria] appendage function after cardio-
version may predispose the chamber to thrombus formation,
which may play a role in the mechanism involved in the occur-
rence of embolization after cardioversion .
(J Am Coll Cardiol 1993 ;22:1359-.66)
presumed source of such emboli in patients undergoing
electrical cardioversion is the left atrium or the atrial ap-
pendage cavity, or both . Thrombus is thought to originate
from an area of stasis because of a lack of mechanical
activity of the chamber. It has been proposed that an
embolic event occurs after cardioversion as a result of the
resumption of atrial activity, which may propel intracavitary
thrombus into the systemic circulation . Opposing this theory
is the observation that patients with paroxysmal atrial fibril-
lation have a lower embolic risk than that of those with
chronic atrial fibrillation (8-10) .
Atrial fibriiiahon has been shown to be associated with
the presence of spontaneous echo contrast or smoke (11),
which in turn has a strong association with both the presence
of thrombus and a history of thromboembolic events (12,13) .
Therefore, the relation between left atrial appendage size
and function and spontaneous echo contrast before and after
cardioversion could provide further insight into the mecha-
nism behind thromboembolic events after electrical cardio-
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version. The purpose of this study is to 1) assess the relation
between spontaneous echo contrast and left atrial appendage
function in the pericardioversion period, and 2) determine
what changes occur in appendage emptying velocities and
size as a result of electrical cardioversion of atrial fibrilla-
don .
Methods
Study patients . Transesophageal echocardiography was
performed in 20 patients in whom atrial fibrillation had been
present for z3 days (mean 160 days, range 4 days to 2 years)
immediately before and after successful cardioversion to
sinus rhythm . Our study group consisted of 14 men and 6
women with a mean age of 65 ± 11 years . Informed consent
was obtained in all cases and the study was approved by the
Institutional Review Board of the Cleveland Clinic Founda-
tion .
Precardloversion echocardlographic examination . Trans-
esophageal echocardiography was performed using commer-
cially available equipment (Hewlett-Packard Sons 1000 or
Acuson 128 XP/10) equipped with a 5-MHz phased array
monoplane or biplane transducer . Patients were examined in
a fully equipped electrophysiology laboratory . Topical
cetacaine spray and viscous lidocaine solution were used to
anesthetize the oropharynx .
Patients
were positioned in the
left lateral decubitus rosition and then sedated with a
combination of meperidine hydrochloride (25 to 50 mg) and
midazolamm hydrochloride (I to 5 mg intravenously) before
the probe insertion. Vital signs were monitored using con-
tinuous electrocardiographic (ECG) monitoring and an auto-
mated sphygmomanometer, Oxygen saturation was moni-
tored utilizing a pulse oximeter . A complete transesophageal
echocardiographic examination was performed, with atten-
tion given to imaging the left atrium and left atrial appendage
to assess for the presence or absence of spontaneous echo
contrast and thrombus . The left atrial appendage was imaged
in the basal transverse plane at the level of the aortic valve
and in the longitudinal plane in the two-chamber left ventric-
ular inflow view. Pulsed wave Doppler evaluation of the left
atrial appendage and mitral inflows was performed . The
sample volume was placed 1 to 2 cm into the mouth of the
atrial appendage and at the mitral leaflet tips for measure-
ment of respective Doppler flows . All patients underwent
transthoracic echocardiography for measurement of left
atrial dimensions .
Protocol for
ekscohim cardioversion. After completion of
the precardioversion transesophageal echocardiographic
study, intravenous methohexital (Brevitol, 0 .5 to 1 mg&g)
was administered and electrical cardioversion was per-
formed using an initial energy of 200 J .
verd
MM edwairdiographic examination . After
confirming cardiopulmonary stabilization, the patient was
moved %m the supine to the left lateral decubitus position
and the transesophageal probe was reinserted . The postcar-
dioversion study was performed within 5 to 15 min of
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cardioversion in all patients and focused primarily on left
atrial and left atrial appendage function (as assessed by
pulsed wave Doppler echocardiography) as well as the
presence and severity of spontaneous echo contrast . Care
was taken to keep gain settings constant before and after
cardioversion .
Echocardiographic data analysis . The presence or ab-
sence of spontaneous echo contrast was defined as dynamic
intracavitary echoes with a characteristic swirling pattern
distinct from white noise artifact . Gain settings were de-
creased in a stepwise manner to exclude white noise artifact
due to excessive gain . These settings were adjusted for
optimal visualization of spontaneous echo contrast and
maintained for the postcardioversion study . The degree of
spontaneous echo contrast was categorized independently
by two different observers as being absent, mild or severe on
the basis of the system described by Daniel et al . (13) and
Beppu et al. (14) . Mild spontaneous echo contrast was
defined as being present if dynamic intracavitary microech-
oes were seen only with high gain, whereas severe sponta-
neous echo contrast was present if spontaneous contrast was
noted with low gain .
Videotaped recordings of pulsed wave Doppler left atrial
appendage flow profiles were scanned, looking for the most
consistent patterns of atrial appendage function before and
after cardioversion. Left atria] appendage peak emptying
and filling fibrillatory velocities before cardioversion and
peak emptying and filling late diastolic velocities after car-
dioversion were identified and digitized using a computer
system (Dextra Inc .) . Peak flow velocities were averaged
over six cardiac cycles for atrial fibrillation and three cardiac
cycles for sinus rhythm . Because filling velocities were
generally equal in magnitude to the emptying velocities that
preceded them, data were reported mainly in terms of
emptying velocities .
The maximal and minimal left atrial appendage areas
were measured off-line by planimctry . Precardioversion
maximal and minimal areas were measured by visual esti-
mation of the largest and smallest size during one cardiac
cycle regardless of timing in the cardiac cycle . Postcardio-
version left atrial appendage maximal areas were measured
in atrial diastole and minimal areas in atrial systole . An
emptying fraction (EF) of the left atrial appendage (LAA)
was calculated using the following equation: EF = LAA
maximum - LAA minimum/LAA maximum . Note that even
though "emptying fractions" were calculated before cardio-
version during atrial fibrillation, these are not necessarily a
measure of ejection but rather a measure of the change in
atrial appendage size, which may be mostly passive . Elec-
trical mechanical intervals to correlate early and late dia-
stolic atrial appendage flows with early and late mitral flows
were measured at a paper speed of 50 to 100 mm/s using
standard calipers .
Mitral regurgitation was assessed qualitatively, using
Doppler color flow mapping mild = 1+, moderate - 2+,
moderately severe == 3+, severe = 4+ , by visually assess-
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ing the maximal jet area B . Left ventricular function was
determined by qualitative grading mild, moderate, moder-
ately severe or severe , using the transthoracic short axis of
the left ventricle. Left atrial diameter was measured by
transthoracic echocardiography in the parasternal long-axis
view .
Determination of intra- and interobserver variation. The
detection of spontaneous echo contrast was reviewed before
and after cardioversion, on-line and Wine, by two separate
experienced observers who were blinded to their own read-
ings as well as to mach other s. The timing of the observation
was blinded only for the off-line analysis because blinding of
the pre- versus the postcardioversion observation during the
on-line analysis was, of course, not possible . The determi-
nation of an increase in the intensity or the development of
new spontaneous echo contrast after cardioversion was
made by a consensus reached by the two observers .
Statistical methods. Analysis of variance ANOVA tech-
niques were used to evaluate the relation between sponta-
neous echo contrast and continuous echocardiographic van
ables. An F test with a resulting probability < 0 .05 was
considered significant. Changes over time pre- to postcar-
dioversion were made using repeated measures ANOVA .
Again, p values < 015 were considered significant . Results
are reported as mean ± SD .
Results
Clinical characteristics . Etiologies of atrial fibrillation in-
cluded hypertension n = 5 , valvular heart disease n = 4 ,
hypertrophic obstructive cardiomyopathy n = 3 , idiopathic
n = 4 , and coronary artery disease n = 2 . Two patients
had undergone open heart surgery . Only 3 15 of 20
patients exhibited mitral regurgitation of moderate severity
or greater and 3 other patients were found to have at least
moderate left ventricular dysfunction . All but 2 of the 20
patients were receiving anticoagulant therapy at the time of
cardioversion, whereas 18 were on an antiarrhythmic regi-
men that included at least one agent for ventricular rate
control, as well as a second agent for maintenance of sinus
rhythm Table 1 . Conversion to sinus rhythm was accom-
plished in all 20 patients as demonstrated by 12-lead ECG
with an average of 1 .3 shocks range I to 2 and 235 ± 75 J .
Spontaneous echo contrast . Precardioversion spontane-
ous echo contrast was detected in the left atrium in 12 60
of the 20 patients and in the left atrial appendage in 10 of
those 12 50 of all 20 patients . One patient in this series
was scheduled to undergo cardioversion 8 weeks earlier;
however, when transesophageal echocardiography was per-
formed according to this protocol, he was found to have a
thrombus in the left atrial appendage with subsequent post-
ponement of cardioversion . The patient was treated with
coumadin and 8 weeks later repeat transesophageal echocar-
diography revealed resolution of the clot with resiuual
severe spontaneous echo contrast in the left atrium and left
Values are presented as mean value ± SD or number of p atients . AF
atrial fibrillation;ASHD = atherosclerotic heart disease ; HCM = hypertro-
phic cardiomyopathy ; LA = left atrial ; LV = left ventricular ; MR = mitral
regurgitation ; post OHS = after open heart surgery .
atrial appendage . Cardioversion was performed at this time
without complication .
In the immediate postcardioversion period, spontaneous
echo contrast increased in intensity from a mild level before
cardioversion to a severe level in 3 15 of the 20 patients
Fig. 1 . In four other patients 20 with no detectable
spontaneous echo contrast before cardioversion, spontane-
ous echo contrast developed in the immediate postcardio-
version period : in the left atrial appendage in two patients
and in the left atrium in the other two . In one patient with a
mild level of spontaneous echo contrast before cardiover-
sion, the spontaneous contrast disappeared after cardiover-
sion . No difference in time after cardioversion was noted
between those with versus those without an increase in
smoke after cardioversion .
Intra- and interobserver variation . Concordance between
observers for the detection of "new" smoke in the left
atrium or the left atrial appendage was 100 , with seven
Figure 1 . Left atrial appendage LAA before A and after B
cardioversion, showing a very mild degree of smoke in the left
atrium LA and left atrial appendage before cardioversion with an
increase in the intensity of smoke in .1e left atrial appendage after
cardioversion . LV = left ventricle .
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Table 1 . Clinical Characteristics of Patients With Atria]
Fibrillation Undergoing Electrical Cardioversion
Related to the
Presence of Spontaneous Echo Contrast
All Patients
n = 20
Smo :.
n = 12
No Smoke
n = 8
Age
1
,yr 65 .0-1 11 .2
68.8±9 .1
59.0 11 .9
Male
14
9
AF duration days 159 ± 184
178 207
131 154
=_Moderate MR 3
2
>_Moderate LV dysfunction
4
4 0
LA size mm
48.9±5.9 49.3±6 .8
48 .3 ± 4 .6
Anticoagulation
18 11 7
Hypertension
5
4 1
Valvular disease
4 4
0
Status post OHS 2
1
HCM 3
2
Idiopathic
4
3
ASHD
2
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Figure 2. Pulsed wave Doppler flow in the left atrial appendage
before cardioversion during atrial fibrillation fib showing a fibril-
latory flow pattern . The arrows indicate emptying flbrillatory waaves .
patients found to have either an increase in or the develop-
ment of smoke after cardioversion as determined by consen-
sus of the observers. Thirteen patients demonstrates no new
smoke after cardioversion. lntraobserver concordance for
the detection of spontaneous echo contrast was 84 . Inter-
observer concordance was 91 .
Left atrial appendage function and size before cardiover-
sion . Durilag atria fibrillation, the left atrial appendage dem-
onstrated a fibrillatory pattern in 18 90 of the 20 patients .
This was defined as a rapid repetitive emptying and filling
flow pattern by pulsed wave Doppler echocardiography Fig.
2 . Peak emptying velocities before cardioversion averaged
0.32 ± 0.41S m/s in the 18 patients, whereas peak filling
velocities averaged 0.33 a 0,16 m/s, The mechanical cycle
length of these fibrillatory waves ranged from 140 to 210 ms
ave 174 ± 29 . The remaining two patients exhibited a
passive pattern, defined as prolonged low velocity flow
without discernible systolic or diastolic signals . Left atrial
appendage maximal and minimal area values and emptying
fractions are listed in Table 2.
Left
atrial appendage function after eardioversion . After
conversion to sinus rhythm, four distinct pulsed wave Dopp-
ler velocity patterns were noted in the left atrial appendage .
Three 15 of the 20 patients exhibited a "sinus" pattern
Table 2. Left Atrial Appendage Areas and m
mptying Fractions Before and After Cardioversion in
Patients With Versus Those Without the Presence of Smoke
Values presented are mean ± SD . Post -
after cardioversion : Pre = before cardioversion
.
Emptying a raction
LAS tying
VA
, 11
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Figure 3. Pulsed wave Doppler flow in the left atrial appendage
LAA after cardioversion of a patient in sinus rhythm exhibiting a
sinus flow pattern. The arrow indicates an atrial appendage empty-
ing wave .
Fig . 3 , characterized primarily by a late diastolic forward
flow followed by a reversed flow that temporally corre-
sponded to the ECG P wave .
Thirteen patients 65 demonstrated a "sinuslike" pat-
tern Fig . 4 , characterized by both early and late diastolic
emptying and filling flow . The late diastolic emptying flow
has been termed the left atria appendage a wave, signifying
its relation to atrial depolarization. The mean left atrial
appendage a wave flow velocity was 0
.17 ± 0.11 m/s and
occurred within 90.3 ± 36.9 ms n = 15; 1 patient had an
uninterpretable p wave of the ECG P wave . The P wave to
mitral A wave interval was 94.2 +_ 27.0 ms. The early
diastolic emptying wave was termed the left atrial appendage
e wave, signifying its temporal relation to the mitral E wave .
The peak left atrial appendage e wave occurred an average of
532.9 ± 42 ms after the QRS complex, whereas the mitral E
wave occurred an average of 524 .4 ± 79 ms after the QRS
complex. The mean emptying flow velocity of the left atrial
appendage e wave was 0 .15 ± 0.08 m/s .
Despite clear sinus rhythm on the ECG after cardiover-
sion, the left atrial appendage flow in three patients exhibited
Maximal Area cm Minimal Area
cm2
Pre ~
Post rPre Post -
± 3 .64 8
.81 + 3 .93
7
.58 + 3 .41 7 .64 3 .89
± 3 .03 6 .53 - 2 .83 434 + 2
.42 4 .36 ± 2 .35
NS NS NS
NS
Pre
Pact
Smoke 12.0 ± 9.0
14
.8 + 15
.6 8 54
No smoke 28.0 ± 16 .8 32 .8 ± 17 .0 6
.08
p value
0.012 0
.026
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Figure 4. Pulsed wave Doppler flow in the left atrial appendage after
cardioversion in the same patient as in Figure 2 with a sinuslike
flow pattern . a = left atrial appendage late diastolic csnp .ying flow
a wave ; e = left atrial appendage early diastolic emptying flow
e wave .
an akinetic pattern, with no discernible emptying or filling
flow. One patient demonstrated a fibrillatory pattern but did
have an emptying wave consistently associated with the
P wave .
Left atrial function and size after cardioversion . Left atrial
function returned in 15 75 of 70 patients immediately
after cardioversion . In three of the five patients, the lack of
evidence for atrial function absence of mitral A wave was
associated with an absence of atrial appendage function . The
two remaining patients demonstrated dissociation between
the return of atrial and atrial appendage function . The mean
left atrial size as measured by transthoracic echocardiogra-
phy before cardioversion was 48 .9 ± 5.9 mm. There was no
significant difference in left atrial size between patients with
49.3 ± 6.8 mm and patients without 48 .3 ± 4.6 mm
spontaneous echo contrast .
Relation between precardioversion smoke and left atrial
appendage size and function . In the 12 patients in whom
smoke was found before cardioversion, the left atrial ap-
pendage peak fibrillatory flow velocities measured before
cardioversion were lower than in the 8 patients without
smoke 0.25 ± 0.12 vs. 0.39 ± 0.02 m/s, respectively, F =
4.62, p = 0 .045 Fig. 5 . In addition, a significantly lower
precardioversion left atrial appendage emptying fraction was
observed in those with smoke compared with those without
smoke 12.0 ± 9.0 vs . 28.0 ± 16 .8 , respectively, F =
7.76, p = 0 .012 Table 2 . In patients with smoke before
cardioversion, the left atrial appendage maximal area before
cardioversion was 8 .54 ± 3.64 cm2 , with a left atrial append-
age minimal area of 7.58 ± 3 .41 cm2 . In the eight patients
without smoke, maximal and minimal areas 6.08 ± 3.03 and
4.34 ± 2.42 cm2 , respectively were lower compared with
GRIMM ET AL
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Figure 5 . Left atrial appendage emptying velocities in patients with
atrial fibrillation before cardioversion black bars peak fibrillatory
emptying velocity versus after cardioversion white bars left atrial
appendage late diastolic emptying flow and grouped according to
whether spontaneous echo contrast smoke was present or absent
before cardioversion .
I
values in the group with smoke ; however, this difference was
not significant .
In the 12 patients with smoke before electrical cardiover-
sion, the postcardioversion left atrial appendage emptying
fraction 14.8 ± 15 .6 was significantly lower than the
emptying fraction in patients without smoke before cardio-
version 32 .8 ± 17.0 , F = 5 .91, p = 0.026 Table 2 .
However, the left atrial appendage a wave velocities were
not significantly different between those with and without
smoke 0.13 ± 0.13 vs. 0.15 ± 0 .12 m/s . In patients with
smoke before cardioversion n = 12 , the postcardioversion
left atrial appendage maximal and minimal areas were 8 .81 ±
3 .93 and 7.64 ± 3.89
CM2,
respectively . In the eight patients
without smoke before cardioversion, maximal and minimal
areas 6.53 t 2.83 and 4.36 ± 2.35 cm
2 ,
respectively were
lower as compared with maximal and minimal areas in the
group with smoke ; however, this difference was not signifi-
cant .
Reduction in left atrial appendage emptying velocifies after
cardioversion . For the entire group of 20 patients, the peak
left Mail appendage fibrillatory emptying velocities before
cardioversion were significantly greater than the peak left
atrial appendage a wave emptying velocities after cardiover-
sion 0.31 ± 0.15 vs . 0 .14 ± 0.12 m/s, F = 24.59, p = 0 .
1 .
Velocity-time integrals also demonstrated a significant change
from the pre- to the postcardioversion period 0.028 ± 0 .033 vs .
0.012 ± 0 .010 m, respectively, p = 0
.01 . If the two patients
without fibrillatory emptying flows before cardioversion are
excluded and only those patients with evidence of atrial up-
pcndage function before cardioversion are included for com-
parison, a similar difference from pre- to postcardioversion also
exists 0.32 ± 0 .15 vs . 0.15 ± 0.13 m/s, F = 27 .26, p = 0 .0001 .
Furthermore, the magnitude of the reduction in left atrial
appendage emptying velocity did not differ significantly
between groups, decreasing from 0 .25 ± 0
.12 to 0.13 ±
0.13 m/s in patients with smoke before cardioversion and
from 0.39 ± 0.02 to 0.15 ± 0
.12 m/s in patients without
prows
I
P=161
I
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Post
cardioversion
F m 6.
left
47+il
appendage emptying velocities in patients with
atrial fibrillation t-: ,ore cardioversion blad bars peak fibrillatory
emptying versus ? tor cardioversion white ban left atria] append-
age late diastolic iaptying flow and manifesting either new smoke
or no change in sr Dke after eardioversion,
smoke Fig. 5 . Additionally, although heart rate was signif-
icantly different before compared with after cardioversion
96 ± 27 vs . 75 ± 14 beats/min, respectively , there was no
association between heart rate and flow velocity .
Characteristics of patients with new smoke. There was no
significant difference in the mean values or magnitude of
change of left atrial appendage flow and emptying fractions
from before to after cardioversion among the seven patients
who developed new smoke after cardioversion compared
with the other 11 patients in whom smoke was never present
or did not demonstrate increased intensity Fig. 6 .
Discussion
This study demonstrated three primary findings . First,
the chaotic fibrillatory contractile pattern of the left atrial
appendage in atfil fibrillation is usually converted to a more
organized conti -, : ~:tion pattern immediately after cardiover-
sion this obscr~miou corresponds to our understanding of
the timing of the murn of left atrial activity after cardiover-
sion , Second, Ic "t atrial appendage emptying velocities were
lower after cavJ -nersion than those generated before car-
dioversion, imr-ving reduced mechanical activity of the
atrial appendage. Third, spontaneous echo contrast a phe-
nomenon thought to be related to low shear rates and
circulatory stasis 16,17] can be generated or intensified in
the left atrium or atrial
appendage in 35 of patients after
cardioversion . None of these observations have been previ-
ously reported .
Left ablal appendage Doppler flow patterns . Some addi-
tional findings of this study deserve comment
. The most
common pattern of left atrial appendage mechanical activity
after cardioversion, which we termed asinuslik: pattern, has
not been previously described. This may represent a transi-
tional pattern of contraction between the fibrillatory and
sinus patterns, which represent opposite ends of the spec-
trum. The sinuslike pattern includes the late diastolic emp-
tying and filling wave as welll as an early diastolic emptying
JACC Vol. 22, No . 5
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and filling wave of comparable flow velocities. The unique-
ness of the sinuslike pattern is the presence of the early
diastolic emptying left atrial appendage e wave and filling
wave Fig. 4 .
Although the cause of the left atrial appendage e wave is
not clear, the most likely explanation is that it represents a
passive event that occurs in early diastole . Mitral valve
opening could cause a precipitous decrease in left atrial
pressure, causing the atrial appendage to empty in early
diastole . Alternatively, the left atrial appendage e wave may
result from compression of the medial wall of the left atrial
appendage by ascent of the ventricle during early rapid
filling. Both explanations are supported by our finding of a
close temporal relation of the left atrial appendage e wave
with the mural E own . Previous reports 1,18 of left atria[
appendage function in sinus rhythm demonstrated a single
emptying and filling wave in late diastole associated with the
P wave, without mention of an early diastolic event . How-
ever, some of these studies were likely performed using low
velocity wall filters selected too high, resulting in oblitera-
tion of the relevant signals .
An alternative explanation for the etiology of the left
atrial appendage e wave involves an active process, assum-
ing electrical mechanical dissociation of atrial appendage
contraction from atrial electrical activity . Support for an
active process can be extrapolated from studies involving
intraoperative electrophysiologic atrial mapping of atrial
flutter and fibrillation because reentrant foci have been
documented in the left atrial appendage 19 .
Left atrial appendage mechanical activity and smoke .
Patients who had spontaneous echo contrast in the left atrial
appendage before cardioversion had lower fibrillatory flow
velocities and lower emptying fractions than did the group
without spontaneous echo contrast. These data are consis-
tent with those from previous reports 1,18 . Additionally,
although left atrial appendage a wave velocities after cardio-
version did not differ between the groups with and without
spontaneous echo contrast, the emptying fraction after car-
dioversion was greater in the latter group .
Emptying fraction is quite different from the more famil-
iar concept of ejection fraction pertaining to active ventric-
ular contraction . With regard to the left atrial appendage in
atria] fibrillation, emptying fraction is not necessarily a
measure of ejection but rather a measure of change in cavity
size, which may sometimes be passive . Avoidance of throm-
bus formation may depend on this washing phenomenon,
whether the appendage empties and fills actively or pas-
sively. However, in the period after electrical cardioversion,
the emptying fraction is a semiquantitative measure of active
appendage contraction .
Left atrial appendage function before versus after cardioa
version . Comparing left atrial appendage activity before
versus after electrical cardioversion . we found that left atrial
appendage fibrillatory flow velocities were consistently
greater than left atrial appendage a wave velocities . This
finding is discordant with the expectation that there would be
JACC Vol . 22, No. 5
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less effective left atrial appendage mechanical activity in
atrial fibrillation than in sinus rhythm . The observation that
the left atrial appendage generates significant emptying ve-
locities in atrial fibrillation as opposed to the left atrium,
which does not generate detectable mechanical activity
during atrial fibrillation as demonstrated by Doppler assess-
ment of mitral inflows
can be explained by the relative size
of the left aerial and left atrial appendage cavities as it relates
to the constant contractile force . Being smaller in size, the
atria] appendage can generate greater flows than the larger
left atrial cavity with the same contractile force .
Emptying fraction was net found to be significantly
different before and after cw-dioversion period, a finding that
does not correspond to the Doppler data . However, because
comparable left atrial appendage views were not always
obtainable, a comparison of atrial appendage areas before
and after cardioversion does not seem valid. Therefore,
using pulsed Doppler flow velocities as a measure of left
atrial appendage function before and after cardioversion is
significantly more representative of contractile function .
The etiology for the left atrial appendage stunning that
occurs in the early postcardioversion period has not been
elucidated by the current study . However, one possibility is
that this phenomenon results from the administration of the
electrical energy . The effect of electrical versus chemical
cardioversion on left atrial appendage smoke and function is
unknown but might serve to differentiate whether the phe-
nomenon is a result of the type of cardioversion applied or
the conversion to sinus rhythm itself.
Potential mechanisms for thromboembolic events. Many
clinicians presume that a thromboembolic event occurring
after electrical cardioversion of atrial fibrillation results from
indwelling left atrial thrombus present before cardioversion
that is propelled into the systemic circulation by the return of
trial contraction 20-22 . Although appealing, this theory is
inconsistent with studies 8-10
that have observed a lower
stroke rate in those with paroxysmal as compared with
chronic atrial fibrillation . Petersen and Gottfredsen 8
r -
ported that patients with paroxysmal atrial fibrillation had an
embolic risk 50
lower than that of hose wi  chronic atr al
fibrillation . These patients presumably experience repeated
conversion into and out of atrial fibrillation yet do not appear
to be as prone to embolic events as those with chronic atrial
fibrillation . Although the underlying cardiac disease, blood
flow pattern, blood viscosity and coagulability have also
been recognized as additional predisposing factors 22 , the
mechanism of thromboembolic events in patients with atrial
fibrillation undergoing electrical cardioversion is far from
clear .
Left atrial mechanical activity, as assessed by trans-
thoracic pulsed Doppler echocardiography of mitral inflow,
has been well studied after cardioversion 23,24
nd is
Lhought to resume in most patients immediately . The full
strength of contraction, however, does not return to normal
intil 3 weeks after electrical cardioversion as assessed by
Doppler evaluation of mitral inflow 25 . Although the left
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atrial appendage has been widely recognized as a common
location for thrombus formation, its mechanical function has
not been studied in the pericardioversion period, in part
because of inadequate means of making this assessment
.
Pollick and Taylor 1
recently studied left atrial append-
age velocity patterns with transesophageal echocardiogra-
phy and found that low left atrial appendage flow velocity
and large left atrial appendage size correlated withh the
presence of thrombus and smoke in patients with atrial
fibrillation as well as those with sinus rhythm
. In another
transesophageal echocardiographic study, Pozzoli et al
. 18
also noted an association between impaired left atria] ap-
pendage function and thrombus and smoke in patients with
atrial fibrillation and sinus rhythm .
If the mechanical activity of the left atrial appendage in
the immediate postcardioversion period, although more or-
ganized, is sluggish or stunned, this may result in an in-
creased thrombogenic milieu as manifested by an increase in
smoke in some patients . Thus, an alternative mechanism for
the occurrence of thromboemboli is that the reduced me-
chanical activity of the atrial appendage in the early postcar-
dioversion period causes increased stasis in the appendage,
with subsequent thrombosis and embolization . Clinical ob-
servations consistent with this theory include the timing of
embolic events that occur within hours or days after electri-
cal cardioversion 6,26,27 , the strong likelihood that it is
freshly formed thrombus that breaks off and embolizes and
the occurrence of events in patients with atrial fibrillation of
relatively short duration 26 .
Clinical implications . Transesophageal echocardiography
has been proposed by some investigators 28
as a potentially
useful diagnostic tool in the screening of patients before
cardioversion to preclude the need for anticoagulation if
thrombus can be excluded . Its high sensitivity for detecting
both left atrial and left atrial appendage thrombus 29,30
is
the basis for this proposal . Reducing patients
exposure to
anticoagulant agents may have advantages such as de-
creased bleeding complications, convenience and reduced
hospitalization costs. However, the present study suggests
that a thrombogenic milieu may develop as a result of
electrical cardioversion and it provides further support for
anticoagulant therapy for patients with atrial fibrillation
undergoing cardioversion. Therefore, the absence of throm-
bus before cardioversion would not be sufficient grounds for
eliminating anticoagulation before or after cardioversion .
An alternative modification to the conventional anticoag-
ulant regimen 31
using transesophageal choc rdiog aph
as a guide to therapy would be to ensure therapeutic anti-
coagulation at the time of cardioversion and thereafter for 4
weeks if thrombus can be excluded . If thrombus is identified,
several weeks of anticoagulant therapy before cardioversion
would be initiated . A recent study by Manning et al . 32
examined a similar approach for early cardioversion without
the emphasis on postcardioversion anticoagulation in the
presence of a negative transesophageal echocardiographic
study for thrombas 33 .
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Study limitations .
The absence of thromboembolic
events in this series of patients in the postelectrical cardio-
version phase and the small number of patients studied
preclude any definitive correlation between the noted obser-
vations and the mechanism involved in thromboembolic
complications related to cardioversion
. In addition, the
relatively small sample size may have prevented the identi-
fication of subgroups of patients at particularly high risk for
the development of a thrombogenic potential. Finally, the
gradation of severity of spontaneous echo contrast is quali-
tative. To minimize this, we utilized a grading system that
we believed had the least potential for interobserver error .
Conclusions.
Organized left atrial appendage function
returns in most patients with atrial fibrillation immediately
after electrical cardioversion. However, its function is im-
paired after as compared with before cardioversion . In
addition, left atrial and atrial appendage spontaneous echo
contrast can develop or increase in severity in the immediate
postcardioversion period . These findings suggest that
stunned left atrial appendage function after cardioversion
may produce a thrombogenic milieu that could be a mecha-
nism for systemic embolization after cardioversion . Further
investigation is required into the mechanisms involved in
cardioembolic events after cardioversion of atrial arrythmias
so as to provide a rational basis for cur treatment . In
addition, prospective studies are needed to define the role of
transesophageal echocardiography in patients undergoing
cardioversion, as well as to determine the safest and most
efficacious mode of anticoagulation,
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